(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
15 May 2003 (15.05.2003) 




PCT 



II 



(10) International Publication Number 

wo 03/039407 A2 



(51) laternational Patent Classificatioo^: 



A61F 2/06 



(21) International AppUcation Number: PCT/GB02/05076 

(22) International Filing Date: 

1 1 November 2002 (11.1 1.2002) 



(25) Filing Language: 

(26) Publication Language: 



English 
English 



(30) Priority Data: 

0127033.9 9 November 2001 (09.1 1.2001) GB 

(71) Applicant: BIOCOMPATIBLES LEVHTED [GB/GB]; 
Chapman House, Weydon Lane, Famham GU9 SQL (GB). 

(72) Inventor: HEALY, Denis, Dominic; Woodview, Strad- 
bally East, Kilcolgan, Co. Galway (IE). 

(74) Agents: WALLACE, Sheila, Jane et al.; Lloyd Wise, 
Commonwealth House, 1-19 New Oxford Street, London 
WCIA ILW (GB). 



(81) Designated States (national): AE, AG, AL, AM, AT, AU. 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU. 
CZ, DE. DK, DM. DZ. EC, EE. ES, H, GB, GD, GE, GH. 
GM, HR, HU. ID, IL, JN, IS. JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SC, SD. SB, 
SG, SI, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, US, 
UZ, VC. VN, YU, ZA, ZM, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM. 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG. KZ, MD, RU. TJ, TM), 
European patent (AT, BE, BG, CH. CY, CZ, DE, DK, EE, 
ES, FI, PR, GB, GR, IE, IT, LU, MC, NL, PT, SE, SK, 
TR), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, 
GW. ML. MR, NE. SN, TD, TG). 

Published: 

— without international search report and to be republished 
upon receipt of that report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations'* appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



(54) Title: METHOD FOR MANUFACTURING A STENT 



< 




^^^^ 

(57) Abstract: A method of manufacturing a stent fonned from a metal or metal alloy includes the steps of applying a powder of a 
material having a higher radiopacity than that of the material from which the stent is fomied to a region of the surface of the stent, and 
applying laser light to the surface having the radiopaque powder placed thereon so that the powder is incorporated into the surface 
of the stent. The method may also include forming said stent &om stainless steel. In addition, the powder may be selected from 
the group including gold, platinum, tantalum, niobium, titanium, or tungsten or a combination thereof and the laser light may be 
^ generated by a YAG laser, a CO2 laser, a Diode laser or a Femto laser. Alternatively, a stent may be provided formed from a metal 
or metal alloy with the stent having the powder impregnated in the surface thereof. 
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METHOD FOR MANUFACTURING A STENT 

FIEID OF THE INVEiSrnON 
The present inventioii relates generally to a manufacturing process for stents and stents 
formed by the manufacturing process, and in particular to methods and stents formed therefrom 
having increased radiopacity. 

BACKGROUND OF THE INVENTION 
A stent is a medical device, usually a hollow tubular structure, which is insetted into a 
body lumen to provide support thereto. Stents are well known in the art and there are many 
different types of stents available. Some are configured to be expanded after being located at a 
desired position in the lumen by an e^ansive force provided by an inflatable balloon. Others are 
delivered under compression so that, upon deUvery Ihey expand to provide the necessary 
siq)porting force. Others are made fit>m heat-sensitive materials that e^and at body temperature 
to provide the necessary supportive force. 

^ In recent times there has been a desire to foim such stents &om smaller and smaller 
quantities of material to provide greater flexibility, i.e., so that they are more flexible prior to 
delivay. Th^e has also been a desire to produce stents for smaller lumens. Whilst such stents 
are often made jGrom materials which are radiopaque, this desire for reduced amounts of material 
in the stents has led to the stents becoming less radiopaque and, as such, dif&cult to see under X- 
ray either during or after djBployment. 

Attempts have been made to overcome this lack of visibility problem by attaching to the 
stent pieces of radiopaque material, such as gold. Doing this introduces problems, however, in 
that it increases the overall bulk of the stent, making it difficult to produce for insertion into small 
luniks, and reducing its flexibility. It is also difficult to handle the vety small pieces of 
radiopaque mat^al, making manufacture difficult and unreliable. There is also the risk that the 
attached radiopaque component may detach itself in the body, potentially causing a serious health 
risk. An alternative £q;>proach has been to coat the stent with radiopaque material, again such as 
gold, in order to increase radiopacity. However, this approach is difficult because of the 
complexity of the coating processes and because a failure to coat correctiy can lead to problems, 
such as galvanic corrosion. 
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SUMMARY OF THE INVENTION 

* 

The present invention seeks to provide a method, and a stent produced therefiom, which 
increases tibte radiopacity of the stent without causing some of the problems associated witii 
previous attempts at increasing radiopacity. 

According to the present invention there is provided a method of manufacturing a stent 
foimed fiom a metal or metal alloy, with the method including the steps of ^plying a powder of 
a material having a higher radiopacity than that of the material fiom which the stent is formed to 
a region of the surface of the stent, and applying laser light to the surfece having the radiopaque 
powder placed thereon such that the surface melts to incorporate ttie powder. 

In addition, the preferred embodiment of the method may include the step of forming the 
stent from stainless steel. Also, the powder may be foimed jax>m gold, platinum, tantalum, 
niobiimi, titanimn or tungsten or a combination thereof 

The powder may be applied at the same time as applying the laser li^t The powder may 
also be applied by cold gas dynamic spraying. 

The laser light may be generated by a YAG laser, a COz laser, a Diode laser or Femto 
las^. The method may also include the step of cutting holes in the stent using the same laser 
either before or after fixing the powder to the surface of the stent. 

The laser light may be apphed to the powder at least twice in order to smooth the surface 
profile of the end product 

The present invention also may be used to manufacture a stent formed fiom a metal or - 
metal alloy, with the stent having a powder impregnated in the surface thereof and the power 
being formed fiom a material having a radiopacity greater than that of the metal or metal alloy. 

The stent of the present invention, manufactured by applying a powder of a material 
having a high^ radiopacity than that of the material fiom which the stent is formed to a region 
of the surface of the stent and applying laser Ught to the surface having the radiopaque powder 
placed thereon so that the powder is incorporated into the surface of the stent, includes a body 
portion having an outer surface with a powder having a higher radiopacity than that of the 
material from which the stent is formed incorporated into at least a portion of the surfiuse of the 
stent In the preferred embodhnent of the stent, the powder is selected from the groiq> including 
gold, platinum, tantalum, niobium, titanium or tungsten or a combination thereof. 
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5 BRIEF DESCaEUPnON OF THE DRAWINGS 

OHier advantages of the present invention will be readily appreciated and apparent to 
those skilled in the art as the same becomes better imderstood by reference to the following 
detailed description when considered in connection wilh the accompanying drawings, in which: 
Figure 1 is a side view of a known stent; 
1 0 Figure 2 is a side view of a stent manu&ctured in accordance with the present invention; 

Figures 3A and 3B are schematic diagrams of the steps of the method of the present 
invention; and 

Figures 4A-4C are a senes of images of the surface of stents produced in accordance with 
the method of the present invention. 

15 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Referring to figure 1, aknown stent 1 is shown. The stent 1 has a body portion formed 
fix>m a hollow tube of metal or metal alloy, usually stainless steel, as is well known in the art with 
cuts or openings in the surface of the stent 1 in a series of holes 2 which define struts 3 . The stent 

20 shown is a balloon-expandable stent 1 and the struts 3 are shaped so that, when a balloon 5 is 
inserted into the stent 1 and expanded, the stent 1 expands to form a rigid structure that can 
siq>port a body lumen. It will be appreciated that, whilst the method of the present invention is 
described with reference to such a balloon-expandeible stent 1, the teaching horein could equally 
be ^plied to other types of stent, such as those which are constmcted to be self-expanding dther 

25 due to the forces formed within the stent or through being formed Sxmx a heat-sensitive material 
such as nitinoL 

Figure 2 shows a stent 1 according to the present invention in which components that 
correspond to those in the known stent 1 of figure 1 are numbered identically. As can be seen 

* 

fix)m this figure, the stent 1 according to the invention has regions 4 of higher radiopacity 4 
30 bonded on struts 3 at either end of the stmcture of the stent 1. These regions 4 of higher 

radiopacity enhance the visibility of the stent 1 under x-ray imaging so that, either during 

deploym^ or after deployment, a surgeon can more easily view the location of the stent 1 . 

Figure 3 A illustrates a preferred embodiment of the method of the present invention at 

various stages in the process of manufectuiing the stent 1 of Figure 2. Initially, a hoUow tube of 
3 5 metal, such as stainless steel, is provided with holes 2 etched or cut therein with a laser 6 which 

may be a YAG laser or, more cost effectively, a CO2 laso:. Powdered radiopaque material is then 

^plied eitho: manually or automatically to at least a portion of the struts 3 at either end of the 

3 
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stent 1 . Laser light, either from a separate laser light source or the same laser li^t source 6 that 
carried out fhe etching, is then applied so as to either melt the powder, or the sur&ce of the struts 
3, or both, when the ligjit is £q;>plied in order to impregnate the sur&ce of the steat 1 with the 
powder to form a radiopaque region 4. The process is repeated in order to provide sufficient 
number of radiopaque regions 4 to ensure good visibility of the st^t 1 in use. The laser 6 may 
be ^plied a second time in order to smooth the overall sur&ce. 

Figure 3B illustrated anotho: embodim^t of the method of the present invention. In this 
embodiment, the powder is applied simultaneously with the laser li^t application. This may 
involve use of a laser light source 6 with a surrounding powder dispensing nozzle 7 or a separate 
nozzle 7, both of which are shown in the figure. In this case, the speed of the particles of the 
powder will preferably be in the range of 0.1 to 20m per second, providing flow rate for the 
powder particles v^ch will be in the region of 1 to 1000 fig per second. Preferably, the powder 
is fed with an inert gas such as argon, helium or nitrogen. Again, the laser may be ^plied a 
^ second time, during which powder is not fed to the surface of the stent \ 

In both embodiments, the method may eo^loy one of a numb^ of types of lasers, and in 
general it would be expected that the power of the laser would be no more than 50 Watts. 

The method of the invention may be employed using a YAG welding laser with a Nb-Ti 
alloy powder, and Figure 4A shows a radiopaque region formed by such an approadi. A 250 am 
wide line of radiopaque region is formed which rises about 15 to 20 /an from of ttie sur&ce of 
the stent 1 . The las^ light was applied as spots which ov6risq[yped, and a higher r^etition of the 
spots can increase the smoothness of the ^)plied radiopaque region as can be seen from Figure 
4B. Figure 4C shows how fhe radiopaque region of Figure 4B can be further smoothed by 
passing the laser ligjht over the region for a second time. 

The desoription given above provides example of various embodiments for implementing 
the method of the present invention and the stent produced therefrom. Variations and 
modifications may become apparent to those skilled in the art that do not necessarily depart from 
the basis of this invration. The scope of legal protection given to this invention can only be 
determined by studying tiie following claims. 
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CLAIMS 

What is claimed is: 

1. A melfaod of mamifiusturing a stent fonned fixJin ametal or metal alloy conqmsiDg 
the steps of: 

applymg a powdar of a mat^al having a high^ radiopacily than that of the material fix)m 
which the stent is formed to a region of the surface of the stent; and 

{q>plying laser light to the surface havmg the radiopaque powder placed thereon so that 
the powder is incorporated into the surface of the st^t. 

2. The method of manufecturing a stmt set forth in Claim 1, further comprising the 
step of forming said stent from stainless steel. 

3. The method of manufacturing a stent set forth in Claim 1, wherehi said powder 
is selected fiom the group including gpld, platinum, tantalum, niohium, titanimn or tungsten or 
a combination thereof. 

4. The method of manufacturing a stent set forth in Claim 1, wh^ein the steps of 
applying the powder and applying the laser hgjit may be undertaken simultaneously. 

5 . The method of manufacturing a stoat set forth in Claim 1 , wherein the powder may 
be applied by cold gas dynamic spraying. 

6. The method of manu&cturing a stent set forth in Claim 1, wherein the laser light 
may be generated by a YAG laser, a CO2 laser, a Diode laser or a FCTito laser. 

7. . The method of manu&cturing a stent set forth ia Claim 1 , fiirther comprising the 
step of cutting holes in the stent using the same laser either before or after fixing the powder to 
the siu&ce of the stent. 

8. The method of manu&ctuiing a stent set forth in Claim 1 » wherein the laser light 
may be applied to the powd^ at least twice in order to smooth the sui&ce profile of ^e stent 

5 
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5 9. A method ofnianiifectaimg a steat formed from am 

the steps of: 

providing a stent formed from a metal or metal alloy with the stent having a powder 
impregaated in the surface thereof and the powder being formed from a material having a 
radiopacity greater than that of the metal or metal aUoy, and 
10 applying laser hght to the surface having the radiopaque powder placed thereon so that 

the surfru^e melts to incorporate the powder. 

10. The method of manufacturing a stent set forth in Claim 1, wherein said powder 
is selected from the gcoup including gold, platinum, tantalum, niobium, titanium or tungsten or 

LS a combination thereof. 

11. A stent manufactured by applying a powder of a material having a higher 
radiopacity than that of the material &om which the stent is formed to a region of the surface of 
the stent and applying laser hght to the surfru^e having the radiopaque powder placed thereon so 

>0 that the powder is incorporated into the sur&ce of the stent, the stent comprising: 

a body portion haviag an outer surface with a powder having a higher radiopacity than 
that of the material fix>m which the stent is formed incorporated into at least a portion of the 
surface of the stent. 

15 12. The st^t set forth in Claim 1 1, wherein said powder is selected fix)m the group 

including gold, platinum, tantalmn, niobium, titanium or tungsten or a combination thereof. 



SUBSTITUTE SHEET (RULE 26) 



wo 03/039407 



1/4 



PCT/GB02/05076 




SUBSTITUTE SHEET (RULE 26) 



wo 03/039407 



PCT/GB02/05076 





FIG. 3B 
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FIG. 4C 
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